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METHOD AND APPARATUS FOR VALIDATING 
THE ACCURACY OF A FLOWMETER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to ?oWmeters and, 
more particularly, to a method and apparatus for validating 
the accuracy of a ?oWmeter in situ. 

[0003] 2. Discussion of the Related Art 

[0004] There are many types of ?oWmeters Which are 
employed to measure a variety of ?owing ?uids through 
conduits of a myriad of siZes and shapes. Depending on the 
particular situation, accuracy of the outputs of a ?oWmeter 
may range from useful, to important, to extremely critical. 
The accuracy of such a meter is ultimately dependent upon 
the proper functioning of the sensors or other signal-pro 
ducing elements Which have an active relationship With the 
?oWing ?uid. 

[0005] In order to be con?dent that a ?oWmeter is func 
tioning properly and providing accurate information, the 
sensors must be tested for proper operation on a periodic 
basis. Where accuracy is extremely critical, validation of 
sensor functioning Will typically be more frequent than 
Where the ?oWmeter provides useful, but not normally 
critical, ?oW information. 

[0006] Routine veri?cation of ?oWmeter calibration and 
the traceability of information are key to current auditing 
and regulatory requirements. In the past, this has proved 
dif?cult, time consuming, and costly. For example, in the 
Water industry, the task could entail mechanical excavation 
and removal of the ?oWmeter resulting in disruptions of the 
Water supply to the local community. 

[0007] There are generally tWo knoWn methods to verify 
the calibration of ?oWmeters. One is to remove the ?oW 
meter from the process or installation and send it to a 
quali?ed laboratory for veri?cation. The other method is to 
install or connect by means of a bypass, on a temporary 
basis, a knoWn reference ?oW measurement standard in 
series With the meter being tested. This is an in-situ veri? 
cation. 

[0008] Both of the above methods are referred to as “Wet,” 
or complete sensor-to-output, checks of the meter being 
tested. 

[0009] In some installations it may only be necessary to 
check a selected portion of the sensor-to-output signal path. 
For example, the transmitter electronics of a thermal dis 
persion ?oWmeter could be checked by employing precision 
decade resistance boxes as a substitute for the thermal ?oW 
element, and adjusting the decade resistance boxes to verify 
the differential-resistance-input-to-current or other output 
relationship of the sensor or ?oW element portion of the 
transmitter. This method is relatively incomplete and is 
generally less desirable because it only synthesiZes the ?oW 
element input. 

[0010] Similarly, an arti?cial differential pressure could be 
introduced to, for example: a venturi meter, a pitot tube 
array, or an ori?ce based meter ?oW element to determine 
that the output corresponds correctly to the synthesiZed input 
signal pressure difference. 
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[0011] This partial approach is knoWn as a “dry” calibra 
tion. Although dry calibration checks are typically less 
accurate and less complete than Wet calibration checks, in 
many instances dry checks are tolerated because they are 
more convenient and less expensive than Wet checks. Their 
great disadvantage is they do not check the validity of the 
?oW element input signal and rely, as illustrated above, on 
a synthetic input. 

[0012] Wet calibration procedures as described above are 
expensive, inconvenient, time consuming, and require 
skilled operators in order to produce good results. In general, 
dry checks, as have been previously knoWn, are less accurate 
and may not be an available option for every ?oWmeter. 
Their greatest draWback is they fail to check the most 
vulnerable element in the system, the primary element in the 
?oW stream, Which is the sensor or ?oW element. 

SUMMARY OF THE INVENTION 

[0013] The present invention, in its various embodiments, 
provides an apparatus and a method to validate the accuracy 
or calibration of a ?oWmeter Without the need to remove part 
or all of the meter from the process and Without the need to 
attach a reference standard or other external device to some 
aspect of the meter. It is believed that regulatory agencies 
Would be more accepting of the proposed method of this 
invention than they Would be to any “dry” test under most 
circumstances. 

[0014] In a thermal dispersion ?oWmeter employing 
heated sensor technology, in one embodiment employing a 
heated sensor and an unheated reference sensor, the sensor 
functions are sWitched and readings are taken and compared 
With calibration data in memory. As an alternative embodi 
ment, this technique can also be employed Where a single 
sensor performs both the heated sensor and reference sensor 
functions on a time-shared basis. Steady state temperature 
differences or alternatively transient temperature effects can 
be employed for these purposes. 

[0015] Other embodiments enable the sensor functions to 
be checked by employing different excitation or stimulation 
levels, and comparing the results With data in memory, rather 
than sWitching the functions of the sensors. This Would be 
most applicable Where the tWo sensors are electrically 
different and are bridged together and cannot be inter 
changed easily. Frequently these heated sensor devices 
employ a third temperature sensor that could be similarly 
employed to attain the desired goal by using it in conjunction 
With the bridged sensors at a different poWer level, for 
example. 
[0016] There are several different types of temperature 
based sensors used in ?oWmeters. Among these are resis 
tance temperature detectors (RTDs), thermocouples, ther 
mopiles, semiconductor junctions, thermistors, transistors, 
and diodes. FloW rate measurement methods other than 
those that are thermally based include sonic (including 
ultrasonic), vortex, magnetic, differential pressure, coriolis, 
positive displacement, and rotary vane (turbine). All of the 
embodiments disclosed, and their equivalents, function in 
accordance With the principles of this invention, and provide 
correct, convenient, and rapid accuracy veri?cation and 
validation for ?oWmeters. 

BRIEF DESCRIPTION OF THE DRAWING 

[0017] The objects, advantages and features of the inven 
tion Will be more clearly perceived from the folloWing 
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detailed description, When read in conjunction With the 
accompanying drawing, wherein: 

[0018] FIG. 1 is a block diagram of one embodiment of a 
?oWmeter of the invention; 

[0019] FIG. 2 is a block diagram of an alternative embodi 
ment of the present invention; 

[0020] FIG. 3 is an enlarged lateral vieW of an exemplary 
sensor installation in a conduit, in accordance With the 

invention; 
[0021] FIG. 4 is a graph shoWing an eXample of resistance 
change against ?uid mass ?oW rate for the FIGS. 1 and 2 
systems; 

[0022] FIG. 5 is an elevational vieW shoWing the sensors 
of FIG. 3 in a typical operational environment; 

[0023] FIG. 6 is a top plan vieW of the installation of FIG. 
5, in an eXemplary embodiment of the invention; 

[0024] FIG. 7 is an elevational vieW shoWing a sonic 
based sensor system; 

[0025] FIG. 8A is side vieW similar to FIG. 3, shoWing an 
alternative embodiment With cleaning jet in relation to the 
sensor elements; 

[0026] FIG. 8B is a top vieW of the embodiment of FIG. 
8A; 
[0027] FIGS. 9A and 9B are schematic representations of 
a vorteX sensor-based ?oWmeter, With the vorteX-inducing 
strut being shoWn end-on; and 

[0028] FIG. 10 shoWs several pairs of sensor elements on 
a mast to depict a system approach employing the principles 
of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] This invention provides correct and rapid veri?ca 
tion of the accuracy of a ?oWmeter in situ. In its various 
embodiments the invention enables sWitching, the applica 
tion of different stimulation levels, or time-shared operation 
of a sensor or sensors, or a combination thereof, to provide 
the desired testing. The invention does not require disas 
sembly, nor does it require additional devices to be tempo 
rarily coupled to the ?oWmeter to accomplish tests for 
veri?cation. 

[0030] With reference noW to the draWing, and more 
particularly to FIGS. 1, 3, 5 and 6, particular embodiments 
of the invention Will noW be discussed. 

[0031] The block diagram of FIG. 1 shoWs an embodi 
ment of the system according to the invention. For purposes 
of explanation, it Will be assumed that Sensor A (11) and 
Sensor B (12) are thermal devices such as resistance tem 
perature detectors (RTDs). As is Well knoWn, RTDs are 
frequently installed in pairs Where one is heated and is the 
active sensor, While the other is a relatively or substantially 
unheated reference sensor. Fluid ?oW past the sensors in a 
conduit causes heat dissipation from the active sensor. A 
change in differential temperature is re?ected as a change in 
differential resistance. This steady state AT or AR is indica 
tive of the instantaneous mass ?oW rate of the ?uid or media 
in the conduit. Alternatively, some ?oWmeters maintain a 
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constant AT and measure the variable poWer required to hold 
the AT constant as the ?oW rate indicator. 

[0032] With constant poWer applied, a AT or AR betWeen 
the active sensor and the reference sensor determines the 
mass ?oW rate from that information. Of course, the type of 
?uid and its characteristics are knoWn and are involved in 
the calculation. Alternatively, as another Way to determine 
?uid ?oW by means of the ?oWmeter, temperature (resis 
tance) differential can be held constant and the steady state 
change in poWer determines mass ?oW rate. Further, AT or 
AR can be varied as a function of ?oW rate by substituting 
constant poWer, constant current or constant voltage. There 
are secondary effects, principally pressure and temperature, 
that may need to be accounted for so that service conditions 
are correctly re?ected. Other such service conditions could 
include turbulence in the ?oWing media, high intensity 
sound, and mechanical vibrations. 

[0033] PoWer supply 13 poWers the ?oWmeter. Signal 
conditioner 14 develops poWer levels and signal formats that 
may be required for other elements in the meter. Cross 
connect circuit 15 provides sWitching for sensors 11 and 12. 
The signal outputs from the sensors are fed back through the 
cross-connect circuit to the signal conditioner and to cross 
correlation detector 16. Signal processor 21 determines the 
mass ?oW rate based on the outputs from the sensors. 

[0034] The poWer supply can provide any appropriate 
poWer level and format to the ?oWmeter, as determined by 
the signal conditioner. Typically it Will supply a variable 
20-42 volts dc (VDC) to poWer and heat the sensors, and a 
regulated 5 VDC for the digital logic. The 5 VDC is a current 
standard, but the poWer to the ?oWmeter components could 
be different as desired. The poWer supply may itself be 
poWered by an incoming source of 115 or 230 volts ac 
(VAC), or 24 VDC. 

[0035] In one embodiment, signal conditioner 14 is con 
?gured to convert 20-42 VDC to a constant current of 0.5 
mA to energiZe the reference sensor and 20 mA to heat the 
active one of sensors 11 and 12. The signal conditioner also 
provides the 5 VDC for the rest of the ?oWmeter functions. 
The signal conditioner senses the voltages across RTD 
sensors 11 and 12 to determine the voltage difference (AV). 
The AV results from a resistance change (AR) at constant 
current, Which is proportional to AT, providing a basis for 
calculating the mass ?oW rate of the media involved. The 
heating current of 20 mA is an eXample only and any 
stimulation Which produces the desired result can be used. 

[0036] In an alternative embodiment, signal conditioner 
14 can operate With respect to the sensors as a constant 
poWer source, Where the current to and voltage across the 
sensors can vary. The signal conditioner includes a multi 
plier circuit Which monitors the poWer (V><I) for each sensor 
and holds that poWer constant. The change in either current 
to or voltage across the active sensor is related to resistance 
change (and hence, temperature change) and is therefore 
used to calculate the mass ?oW rate of the media. 

[0037] Still another commonly employed scheme is to 
hold the differential temperature of the tWo RTDs constant. 
According to this scheme the poWer is varied as a function 
of the ?oW rate, that is, as the ?oW rate increases, additional 
poWer must be applied to the heated sensor in order to hold 
the temperature constant. 
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[0038] In the above case the signal conditioner maintains 
a constant AT. Since the resistance and temperature rela 
tionship for an RTD is ?xed, AR is also constant. To 
maintain AT or AR constant, both AV and AI, or A poWer, 
can be monitored to provide a basis for calculating mass 
?oW rate at any particular process temperature as a function 
of the poWer needed to hold a constant temperature differ 
ence. These devices often employ a third element With a 
?xed current or voltage in order to sense the process 
temperature. The AT at any excitation Will also vary With 
process temperature so it becomes necessary to compensate 
for this effect. This function is also carried out by the signal 
processor as discussed beloW. 

[0039] As yet another alternative, voltage can be main 
tained constant, Which is the converse of the constant current 
scheme described above. When AV is maintained constant, 
the current changes With temperature changes. The AI pro 
vides the basis for determining mass ?oW rate in this 
embodiment. 

[0040] The above described methods for determining 
mass ?oW rate of ?oWing ?uid are Well knoWn to those of 
ordinary skill in the ?eld of heated sensor technology. In 
application, there are other means to contend With system 
service variables other than ?oW rate, including pressure and 
temperature, as has been discussed above. 

[0041] Whether sensors 11 and 12 are operated as constant 
current, constant poWer, constant differential temperature, or 
constant voltage, it is possible to reverse the sensor roles to 
supply the heating stimulation to What had been the refer 
ence sensor and to supply the loWer, non-heating stimulation 
to What had been the active sensor. 

[0042] When these operating schemes employ a third 
sensor, it is still possible to change the roles of the three 
sensors. 

[0043] Signal processor 21 could be a microprocessor, a 
hard Wired state machine, a digital signal processor, or 
equivalent. The function of the signal processor is to calcu 
late the mass ?oW rate of the media from the sensor outputs, 
Whether they be a measure of AT, AI, AV, or other measures 
that can be employed. Instructions for operation of the 
?oWmeter can be applied to the signal processor by entry 
device or keypad 22. A local output from the ?oWmeter may 
be shoWn on display 23. Additional outputs are provided to 
serial or parallel interface 24, Which can drive external 
operations such as controls for the meter or for modifying 
the monitored process. Output driver 25 may be employed 
to drive external indicators, such as displays, or optical or 
audible alarms, for example. 

[0044] In normal operation, the ?oWmeter of FIG. 1 
energiZes the sensors While ?uid is ?oWing past them. If 
sensor 11 is the active sensor, constant current Will be 
applied in the preferred method to heat it to a predetermined 
temperature and a much smaller constant current Will be 
applied to energiZe or enable sensor 12, but Without increas 
ing its temperature to any appreciable extent. Alternatively, 
rather than a variable temperature for sensor 11, a predeter 
mined temperature differential AT (or resistance differential 
AR) is achieved betWeen the sensors. In typical operation, 
When there is ?uid ?oW past the sensors, heat Will be 
dissipated from active sensor 11 and the temperature differ 
ential Will decrease. The AT at any time is interpreted by 
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signal processor 21 as a particular mass ?oW rate of the ?uid 
or media moving past the sensors, and the ?oWmeter pro 
vides the appropriate outputs. When AT decreases the ?oW 
meter shoWs an increase in mass ?oW rate because heat is 
more readily dissipated by the media from the heated active 
sensor than the relatively unheated reference sensor. 

[0045] The calibration characteristics of sensors 11 and 12 
are developed and stored in Memory A 26 and Memory B 
27. Exemplary calibration curves are shoWn in FIG. 4. 
Assuming the sensors are very similar but not identical, 
curve 42 represents the calibration data for sensor 11 and 
curve 43 represents the calibration data for sensor 12. 
Memories 26 and 27 may be separate elements, a single 
device, or they may be included Within signal processor 21. 

[0046] In order to check the functioning accuracy of the 
?oWmeter of this embodiment, cross-connect circuit or 
sWitch 15 is provided betWeen sensors 11 and 12 and signal 
conditioner 14. SWitch 15 may be any suitable device Which 
electronically or mechanically, or both, provides interchang 
ing or sWitching functions. Pursuant to a signal from entry 
device 22, signal processor 21 sends a signal over line 28 to 
cross-connect circuit 15 to reverse the functions of sensors 
11 and 12. Thus, sensor 12 becomes the active or heated 
sensor and sensor 11 becomes the reference sensor. The 
?oW-meter then functions as before and provides as an 
output the mass ?oW rate of the media being monitored. 
With the sensed ?oW rate at a steady state condition, if the 
output mass ?oW rate indication is substantially the same, 
independent of Which is the active sensor, the accuracy of 
the ?oWmeter is validated. If there is more than an insig 
ni?cant difference, remedial action is imperative. What 
constitutes a signi?cant difference is ultimately determined 
by the ?oWmeter operator. One measure for a signi?cant 
difference is the standard for the instrument. That standard 
could be a 3% difference, or a 10% difference, for example. 
A signal may result When the established standard is 
exceeded, but the operator may choose to alloW the process 
to continue, and aWait a further test reading to see if the 
detected difference increases, signalling that corrective 
action should be taken, or the situation abates. 

[0047] When a signal from entry device 22 instructs signal 
processor 21 to interchange sensor functions, a signal ?rst 
goes to cross-correlation detector 16 to record the mass ?oW 
rate output With the sensors in their initial operating condi 
tions. This refers to the calibration data in memories 26 and 
27. For example, With sensor 11 heated and a AR of about 
350, the mass ?oW rate, according to curve 42, is about 30 
standard feet per second (SFPS). 

[0048] The functions of the sensors are then sWitched and 
curve 43 represents the calibration data for sensor 12 as the 
active sensor. Under the same ?oW conditions, AR in this 
case is about 335, Which results in the same mass ?oW rate 
of about 30 SFPS. 

[0049] Under typical operating conditions there Will be a 
delay of 20-40 seconds (typically about 30 seconds) betWeen 
readings in order to permit heated sensor 11 to cool doWn 
and sensor 12 to be heated to operating temperature, Whether 
employing constant current, poWer, voltage or temperature. 
The preferred method is to conduct the validation process 
When the How rate is stable and constant after sensor thermal 
equilibrium has taken place. If desired, the accuracy vali 
dation could be conducted at several different stable ?oW 
rates and process temperatures. 
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[0050] When there are signi?cant differences in ?oW rate 
output, or if it is suspected that there may have been other 
than inconsequential media ?oW variations in the feW sec 
onds betWeen readings after the sensor functions are 
sWitched, return sWitching or repeated sWitching may be 
employed to be sure that a sensor is out of tolerance and 
should be removed from service. 

[0051] The signal to perform the accuracy veri?cation 
operation may be on a timed basis as programmed into 
signal processor 21, such as once during each 24-hour 
period, or it may be pursuant to an operator-initiated input on 
keypad 22, for example. Alternatively, the signal to perform 
an accuracy check of the ?oWmeter could be applied from a 
remote location through serial or parallel interface 24, either 
pursuant to operator initiation or a timed function. 

[0052] In a typical installation, a ?ue gas stack for 
example (FIGS. 3, 5 and 6), sensors 11 and 12 are mounted 
in a mast 31 Which is mounted in stack 32. Mast 31 is 
typically inserted through an opening in the side of the stack 
and extends across the stack. It may be cantilevered, or 
anchored to the opposite side of the stack as shoWn. The 
diameter of the stack may be as little as tWo feet and as large 
as 30 feet. The sensors may be mounted to bracket 33 (FIG. 
3) Which is formed With depressed platform 34 from Which 
sensors 11 and 12 extend in the form of thermoWells. Typical 
dimensions for the thermoWells are 0.08 inches in diameter 
and 0.63 inches in length. In this particular exemplary 
arrangement, mast 31 is about tWo inches in diameter. 
Electrical Wires 35 and 36 extend from the sensing elements 
11a, 12a Within the respective thermoWells through bore 37 
in bracket 33 and along central bore 41 in mast 31 to the 
electronics in housing 42 at the end of mast 31. The housing 
typically extends outWardly from stack 32. While media 
?oW Would normally and preferably be across the thermoW 
ells (into or out of the plane of the paper in FIG. 3), the 
sensors can function if they are at any angle to the direction 
of media ?oW. Thus, there is a ?exibility of 360° of ?oW 
direction relationship With respect to the thermoWells. That 
is, ?oW direction may be into the paper or out of the paper 
in FIG. 3, or any direction in betWeen Where the media 
affects the thermoWells, including from the top toWard the 
bottom of the paper and vice versa (axially of the thermoW 
ells). It has been found that even When the thermoWells are 
pointing directly doWnstream of the direction of media ?oW, 
useful ?oW rate readings can be obtained. It is only neces 
sary to calibrate the sensor elements at the selected angle, 
anyWhere through the entire 360°. In the preferred positions 
the sensor axis Would be across the ?oW direction or 
alternatively arranged for the ?oW to be in the direction of 
the axis of the thermoWells Wherein the support structure 
(mast 31) Would function as a rain shield. It may be desirable 
in some circumstances to point the axes of the sensors 
doWnstream so that the mast can act as a shield to reduce the 
effects of erosion. 

[0053] As shoWn, there could be tWo or more sets of 
sensors on a single mast and there may be tWo or more masts 

mounted in close proximity in the stack. TWo masts are 
shoWn at 90°, but they could be at any desired angle With 
respect to each other and one, tWo, or more such masts could 
be employed. They could be at different positions along the 
height of the stack. A similar installation may be employed 
in any ?uid ?oW duct or conduit and the diameter or inside 
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dimension may be less than tWo feet or greater than 30 feet. 
The duct may be square, oblong, or any other shape When 
vieWed in cross section. 

[0054] While thermoWells are shoWn, the sensors are not 
necessarily mounted in thermoWells. In some instances it 
may be desirable to mount the temperature (or other type) 
sensors on a ?at surface, With or Without ?n-like projections 
exposed to the ?oWing media. 

[0055] The ?oWmeter of FIG. 2 functions similarly to that 
of FIG. 1, except that it employs a single sensor. Sensor 51 
is operated in a time-shared fashion, Where it is the heated 
sensor for a predetermined short period of time and is the 
substantially unheated, or reference sensor for a predeter 
mined short period of time. In this embodiment, instead of 
sWitching sensor functions, signal conditioner 14 and signal 
processor 21 apply different stimulations or different levels 
of stimulation to sensor 51. The characteristic data for this 
sensor at tWo different conditions or stimulation levels are 

stored in memories 26 and 27, and could have the same form 
as curves 42 and 43 of FIG. 4. 

[0056] In normal operation, sensor 51 is at ?rst energiZed 
but substantially unheated and its resistance is noted by 
signal processor 21. Then it is heated by a ?rst stimulation 
or current, for example, 15 mA, and the measured AR 
enables the ?oWmeter to provide a mass ?oW rate output. 
Cross-correlation detector 16 stores the output With refer 
ence to the calibration data in Memory A26. The stimulation 
is removed and after a period of time sufficient to alloW the 
temperature of the sensor to return to ambient (20-40 
seconds, for example), another reference reading is taken. 
Then a second, different, level of stimulation, for example, 
20 mA, is applied to sensor 51 and pursuant to the curve in 
Memory B 27, the mass ?oW rate is once again determined. 
If the readings of mass ?oW rate are substantially identical 
as determined by the cross-correlation detector, it is ascer 
tained that sensor 51 is functioning normally. The more such 
readings are taken, the greater the level of con?dence that 
the ?oW rate calibration is validated. In fact, an entire ?oW 
rate curve from loW ?oW rate, even Zero, could be checked 
for validation at any and all ?oW rates. It is preferred that the 
?oW rate and media temperature be constant at any of the 
veri?cation ?oW rates. 

[0057] As an alternative validation method, it is possible 
to employ tWo sensors, as in FIG. 1, and not sWitch their 
functions While verifying the accuracy of the ?oWmeter. 
Assuming sensor 11 is the active sensor, it may be heated by 
a ?rst level of stimulation, for example, 15 mA. The 
calibration characteristics of sensor 11 at 15 mA stimulation 
may be stored in Memory A 26. Sensor 12 Would be 
energiZed but not stimulated for increased temperature. Then 
by other means it can be determined that the ?oW rate is 
constant and sensor 11 is heated by a second level of 
stimulation, such as 20 mA. The response characteristics of 
sensor 11 at 20 mA stimulation may be stored in Memory B 
27. Cross-correlation detector 16 functions as previously 
described and determines Whether the outputs of sensor 11 
at the tWo different levels of stimulation are Within tolerance 
so that the ?oWmeter provides an accurate “Wet” mass ?oW 
rate output. This method requires less time for the heated 
sensor to attain a higher temperature than the reversing of 
sensor functions. The shorter time interval contributes to the 
likelihood that the ?oW rate and other factors have remained 
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constant during the validation process. For best and most 
accurate results With a single test, all such validations should 
occur in a short time interval When the process conditions 
are either knoWn, or are constant or nearly constant. 

[0058] The exemplary description above has generally 
assumed that the ?oW sensors are heat-differential-based, a 
primary eXample being RTDs. Other thermally-based sen 
sors could be used in place of the RTDs described initially. 
These alternatives include thermocouples, thermopiles, 
semiconductor junctions, thermistors, transistors, and 
diodes, among others. Several other types of sensors could 
be used in a similar manner in a ?oWmeter. Additionally, in 
the above embodiments, Where there are tWo sensor ele 
ments Which are functionally interchanged, the sensor ele 
ments have been preferably substantially identical. HoW 
ever, that is not a requirement. In keeping With the FIG. 1 
embodiment, the operating characteristics of tWo sensors 
having different characteristics can be stored in memory and 
calibrated to provide equivalent ?oW rate readings, no 
matter Which is the stimulated and Which is the reference 
sensor. Further, the principles of the invention as taught 
herein can be effected if one sensor or the other is stimulated 
at a second level. 

[0059] A Doppler sonic system could be employed and an 
eXample is schematically depicted in FIG. 7. An emitter 55, 
such as a pieZoelectric crystal, is mounted in Wall 58 and 
broadcasts a continuous sonic signal diagonally across con 
duit 56 to similar receiver 57. The change in frequency from 
What Was emitted to What Was received determines the ?oW 
velocity. These frequency changes may be employed for the 
accuracy checking test. If the ?oW of the media 61 is toWard 
the emitter, that is, against the linear component of emitted 
signal 62, the frequency of the signal at the receiver 
decreases due to the Doppler effect. Greater velocity results 
in a loWer frequency and loWer ?uid velocity against signal 
transmission direction results in a higher frequency. The 
Doppler effect can be employed to indicate increase or 
decrease in ?oW rate, and is particularly effective for accu 
racy veri?cation purposes as folloWs. 

[0060] For test purposes, the roles of the emitter and 
receiver are reversed or interchanged in the manner as 
described With respect to FIG. 1. The only difference is that 
the media ?oW is noW With the linear component of the sonic 
signal, so the receiver senses a higher frequency than Was 
emitted. With this reverse arrangement, With increased 
media velocity the frequency increases and With decreased 
media velocity the Doppler effect frequency decreases. 

[0061] As before, the sensor and media characteristics are 
knoWn and are stored in the ?oWmeter memory. The appro 
priate correlation is checked and the accuracy of the ?oW 
meter is determined by checking that the sensors are pro 
viding substantially the same information as to ?oW velocity 
With either being the emitter or the receiver. 

[0062] A variation on the emitter/receiver reversal-based 
accuracy test is to use tWo different frequencies and either 
sWitch or not sWitch emitter/receiver functions. This is 
analogous to employing different signal levels in the ther 
mally-based ?oWmeters. The characteristics of the emitter/ 
receiver pair are stored in memory at, for eXample, 100 kHZ 
and at 200 kHZ. Any appropriate frequencies may be 
employed. The emitter is stimulated to emit a 100 kHZ signal 
and the mass ?oW rate is determined. Then the emitter is 

Dec. 25, 2003 

stimulated to emit a 200 kHZ signal and the mass ?oW rate 
is again determined. If the thus determined rates are sub 
stantially equal, the ?oWmeter is functioning properly and is 
providing an accurate indication of ?oW rate. Again, the 
emitter characteristics for the different frequencies are stored 
in memory. 

[0063] Another sonic system Would employ the concept of 
phase shift. As With the Doppler system, When using a phase 
shift system the stimulation to the active, or emitter, sensor 
element is controlled by the signal conditioner and the signal 
processor. The phase shift sensed by the reference, or 
receiver, sensor element is indicative of the velocity of the 
media. An increase or decrease in that rate results in varia 
tions in the amount of phase shift of the received signal. 

[0064] When the sensors are to be tested, the emitter and 
receiver functions are sWitched and the phase shift changes 
Would also be reversed, as With the Doppler system. 

[0065] Another alternative sensing system is an ultrasonic 
meter using a variable time of ?ight for a sonic pulse to 
propagate through the ?oWing medium. This Would be 
calibrated by reversing the sonic signal so that the source 
becomes the receptor of the signal. The difference in transit 
time (or pulse repetition rate) provides an indication of ?oW 
rate. The same kind of correlation is accomplished as has 
been previously described. Alternatively, an additional 
source and receiver could be located near their counterparts. 
The sWitch could then connect them to the signal processor. 

[0066] If it is desired to check the accuracy of the thermal 
?oWmeter at some time When there is no media ?oW, such 
as immediately before process commencement and after 
?oWmeter installation, calibrated cleaning jets or noZZles 
directed at the sensor elements may be used. An exemplary 
embodiment of thermoWells With cleaning jets is shoWn in 
FIG. 8. FIG. 8A is similar to FIG. 3, Where mast 31 has 
central bore 41 and thermoWells 11 and 12. Closed tube 64 
is formed With slits 65 Which emit gas at a predetermined 
velocity to impinge upon the sides of the thermoWells. From 
the top vieW of FIG. 8B it can be seen hoW the gas jets are 
directed to the thermoWells. The media ?oW is indicated by 
arroW 65. Only tWo cleaning jet tubes are shoWn, but there 
could be more if ?y ash build-up is particularly prevalent. 
These jets are sometimes installed With the ?oWmeter, their 
purpose being to clean soot, ?y ash, or other pollutants from 
the heat transfer surfaces of the sensing elements. They can 
be used in a normal manner on a periodic basis to clean the 
sensors, and could be employed as desired for accuracy test 
purposes. The cleaning jets could emit air or any appropriate 
gas, or even a liquid in appropriate circumstances. 

[0067] The cleaning jets are calibrated to provide a knoWn 
stimulation to the sensors. The sensor outputs Would then be 
compared With the calibration data in memory to determine 
functioning accuracy. This method introduces an additional 
?oW rate from the cleaning jets, Which is of knoWn value. 
The cleaning jets could be con?gured to have more than one 
?oW rate. With the characteristics of the sensors stored in 
memory, testing can be accomplished by stimulating the 
active sensor at tWo or more different ?oW rates from the 
cleaning jet. An output comparison is made as discussed 
previously. 

[0068] While the cleaning jet alternative is described 
above as being utiliZed for accuracy checking When there is 
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no media ?owing in the conduit, it could also be used during 
normal media ?oW, as added stimulation. Since this is a 
calibrated additional stimulation, the ?oWmeter electronics 
can take it into account and check its accuracy Without 
switching sensor functions. 

[0069] Avortex system could also be employed as a mass 
?oW sensor and the principles of this invention are appli 
cable to that type of sensor system. A vortex-based sensor 
can employ a strain gauge on or in a strut arranged across the 
How stream. The frequency of motion of the strain gauge is 
proportional to the How rate. Other vortex sensors such as 
temperature sensors are often employed. 

[0070] A vortex sensor may be a con?gured to present a 
different pro?le to the ?oWing media, as shoWn in FIG. 9. 
Strut 71 is shoWn in a ?rst position in FIG. 9A, having strain 
gauge 72 mounted therein. Such strain gauges are knoWn. 
The How of the media in conduit 74, de?ned by Wall 73, is 
represented by arroW 75. Strut 71 is shoWn end-on and 
Would extend from an appropriate opening in Wall 73 across 
the conduit a distance to be determined by the installer, 
given the diameter of the conduit, the type of media, and the 
typical ?oW rate range of the media ?oWing therein. 

[0071] When an accuracy veri?cation test is to be made, 
strut 71 can be rotated 180°, for example, as shoWn in FIG. 
9B. The different shape Will result in a different stress or 
frequency of motion detected by the strain gauge or other 
type of vortex sensor. Characteristic data for the strut in each 
attitude is stored in memory and the testing procedure is as 
previously described, Where the ?oWmeter outputs are cor 
related to determine if there is any discrepancy in the 
alternative readings. In this embodiment the stimulation 
variation is the rotation of the vortex strut. Although a single 
vortex strut is shoWn, tWo struts in the same conduit or How 
path may be used. One could be oriented as in FIG. 9A to 
the How path and the other could be oriented as in FIG. 9B. 
The readings of each could be compared. Alternatively, for 
?oWmeter validation purposes, the struts are each rotated 
180° to present the opposite aspect to the direction of ?oW. 
Of course, the usual steps are taken at the outset to store the 
relevant function characteristics in memory for comparison 
purposes. 

[0072] The cleaning jet embodiment described above 
could also be employed With the vortex meter Wherein an 
added but knoWn stimulation could be applied. 

[0073] The media ?oW sensing elements could also be 
turbine-based, Where a rotating element provides the How 
rate information that the meter electronics converts to useful 
data. Turbine-type sensing elements can also be validated by 
employing the air or gas jets described above. The jets 
provide a predetermined gas ?oW against the turbine ele 
ments, thereby enabling the outputs of the turbine sensors to 
be correlated With their characteristic data in memory. 

[0074] Ori?ce, pitot tube, and venturi sensors could like 
Wise be stimulated by the above method for How rate 
stimuli. 

[0075] A system approach to thermally-based ?oWmeter 
validation is exempli?ed by FIG. 10. Here mast 81 has 
several A-and-B pairs of sensors 82, 83, 84. Adjacent 
sensing elements can be employed to supply individual or 
averaged non-heated signals for use by a sensing element 
under test. For example to test active sensing element 83, 
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stimulated or heated element 83A is coupled or compared 
With non-stimulated or non-heated element 82B to provide 
ARl. Then heated element 83A is compared With non-heated 
element 82A to provide AR2. All of the usual characteristic 
data is stored in memory, as before. Then a comparison is 
made betWeen AR1 and AR2 to validate the proper operation 
of 83A, the active sensing element. 

[0076] As an alternative means of validation: 

non-heated 82A +non-heated 84A 
Heated 83B — f : AR3 

non-heated 82A +non-heated 84A 
Heated 83A — f : AR4 

[0077] Then AR3 and AR4 are compared to validate proper 
functioning of these elements. Of course, other combina 
tions could be employed to test any of the elements on mast 
81, such as comparing stimulated element 83 With the 
average of stimulated elements 82 and 84. It is possible that 
numerous elements such as 83 (16 elements, for example), 
may be employed, and element 83 may be compared With 
any combination of the various outputs. Again, variable but 
knoWn stimulation levels could be applied as has been 
previously discussed. 

[0078] It should be noted that electrical current, poWer or 
voltage applied to the thermally-based sensors produce heat. 
But sensors of other types have been discussed so the term 
“stimulation” is used With reference to any of the active 
sensors disclosed herein. Thus, the sonic or ultrasonic sen 
sors can be stimulated by some type of signal to emit and 
receive predetermined sonic signals. The cleaning jet alter 
native is another type of stimulation used to test the sensors 
for accuracy. Note that some sources of stimulation of the 
sensors are internally generated, that is, an RTD is heated by 
electrical current through the resistive element or a separate 
thermally connected source. Others are externally applied, 
as the cleaning jet system. In the sonic systems the emitter 
and receiver generate or receive signals having different 
frequencies depending on the characteristics of the stimu 
lation signal from the signal conditioner and the signal 
processor. There may be no difference in poWer levels 
applied or heat dissipated in some of the alternative systems. 

[0079] It is noW evident that the ?oWmeter accuracy 
validation systems of the various embodiments of this 
invention are convenient to use, very accurate, and are valid 
“Wet” tests. There is no need for additional elements to be 
temporarily connected into the ?oWmeter for test purposes, 
nor does it require any element of disassembly. Simply 
pre-calibrating the sensors so their calibration characteristics 
can be stored in memory in the ?oWmeter electronics, and 
providing sWitching, reversing or alternative signals Where 
appropriate, and comparing the sensor outputs in the tWo test 
modes is all that is needed. These functions speed up and 
simplify in-situ testing of ?oWmeters, With veri?able accu 
racy. 

[0080] The term “periodic” has been used in reference to 
performing accuracy veri?cation tests for a ?oWmeter. This 
merely means that tests are performed from time to time and 
may be on a regular timed basis, or it may be on an irregular 
basis as determined by the operator and controlled by the 
stored program or by operation of the entry/keypad. 
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[0081] The sensor or sensors have been shown as in 
relatively close proximity to the ?oWmeter controls and 
electronics in housing 42 (FIGS. 5 and 6). It is equally 
possible that any or all elements of the ?oWmeter can be 
remotely located With respect to the conduit and the sensors 
or other signal-producing elements Which have an active 
relationship With the ?owing media. Signals can be con 
nected by Wires or may be Wirelessly coupled. Any kind of 
poWer supply can be used to stimulate the active sensor and 
the poWer supply could be local or remote. 

[0082] The invention is also useful as a diagnostic tool for 
a ?oWmeter. The time rate of change of the ?oWmeter, or its 
transient response, can be employed to determine the eXtent 
of fouling of the thermoWells or other types of sensing 
elements Which are in the ?oW ?eld. For thermal dispersion 
sensors, it is not uncommon for the thermally sensitive heat 
transfer surfaces to become coated With ?ying particles 
(usually some form of ?y ash). When this occurs it can be 
detected by its transient response or the rate of change as the 
sensing element is heated, or as the temperature reduces due 
to thermal dispersion by the ?oWing media. When there is a 
build-up of fouling material the AT or AR decays more 
sloWly and rises more quickly than When the sensors are not 
coated. 

[0083] In some contemporary thermal dispersion instru 
ments, three sensor elements may be used (one to accurately 
measure temperature), With various means of stimulation, 
and may be substantially different in electrical qualities, 
such as electrical resistance. The three elements may be 
stimulated in any Way or in any combination and at various 
time rates of change of stimulation and the time rate of 
change of signal may be used to determine mass ?oW rate or 
time rate of change of mass ?oW rate. TWo or more such 
sensor elements may be connected in such a Way that they 
act as a single sensor and the characteristics of each indi 
vidual sensor cannot be determined. Any of the described 
alternative methods to perform validation checks may be 
employed for such a sensor con?guration. 

[0084] It can be seen that these operational tests do not 
require removal of the ?oWmeter, nor do they require any 
additional or substitutional elements to be temporarily con 
nected to the ?oWmeter in order to perform the test. The 
electronics of the ?oWmeter itself have some eXtra elements, 
but they function Within the operation of the meter and are 
not physically substituted When tests are made. Even greater 
assurance of validity can be obtained by employing any of 
the schemes above or in any combination thereof. 

What is claimed is: 
1. A method for testing the accuracy of a ?oWmeter 

having at least tWo sensing elements arranged to detect ?uid 
?oW rate in a ?oW ?eld, the method comprising: 

determining the calibration data of each sensing element; 

storing the calibration data in memory in the ?oWmeter; 

applying a ?rst predetermined stimulation to a ?rst sens 
ing element to make it an active sensing element; 

applying a second predetermined stimulation different 
from the ?rst stimulation to a second sensing element 
so that the second sensing element functions as a 
reference sensing element; 

measuring the output of the ?rst sensing element 
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measuring the output of the second sensing element; 

comparing the outputs of the ?rst and second sensing 
elements to determine a ?rst ?uid ?oW rate past the 
sensing elements in the ?oW ?eld; then 

interchanging the functions of the ?rst and second sensing 
elements; 

applying the ?rst predetermined stimulation to the second 
sensing element; 

applying the second predetermined stimulation to the ?rst 
sensing element; 

measuring the output of the second sensing element; 

measuring the output of the ?rst sensing element; then 

comparing the outputs of the second sensing element and 
the ?rst sensing element to determine a second ?uid 
?oW rate past the sensing elements in the ?oW ?eld; and 
then 

comparing the thus determined ?rst and second ?uid ?oW 
rates. 

2. The method recited in claim 1, and further comprising 
determining the correlation betWeen the ?rst and second 
?uid ?oW rates in relation to the calibration data in memory 
and thereby validating the accuracy of the ?oWmeter. 

3. The method recited in claim 1, Wherein the ?oWmeter 
is a thermal dispersion ?oWmeter and the sensing element 
outputs are based on heat dissipation. 

4. The method recited in claim 3, Wherein the sensing 
elements are chosen from the group consisting of resistance 
temperature detectors (RTDs), thermistors, thermopiles, 
semiconductor junctions, thermocouples, transistors, and 
diodes. 

5. The method recited in claim 3, Wherein the ?rst and 
second sensing elements are stimulated by means of a 
predetermined stimulation applied thereto selected from the 
group consisting of current, voltage, poWer and differential 
temperature. 

6. The method recited in claim 1, Wherein the ?rst and 
second sensing elements are stimulated by means of a 
predetermined sonic signal applied thereto. 

7. The method recited in claim 1, Wherein the ?rst and 
second sensing elements are stimulated by applying a pre 
determined ?uid ?oW thereto. 

8. The method recited in claim 7, Wherein the predeter 
mined ?uid ?oW is provided by jets or noZZles. 

9. The method recited in claim 1, Wherein one of the ?rst 
and second sensing elements comprises at least tWo sensing 
elements so connected as to act as a single sensor. 

10. The method recited in claim 1, Wherein the ?rst and 
second sensing elements are vorteX sensing elements. 

11. The method recited in claim 6, Wherein time of ?ight 
is the principle employed for measuring ?oW rate. 

12. The method recited in claim 6, Wherein Doppler effect 
is the principle employed for measuring ?oW rate. 

13. The method recited in claim 6, Wherein relative signal 
phase is the principle employed for measuring ?oW rate. 

14. The method recited in claim 1, Wherein the ?rst and 
second sensing elements are substantially functionally iden 
tical. 

15. The method recited in claim 2, and further comprising 
providing an output signal representative of the accuracy of 
the ?oWmeter. 
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16. The method recited in claim 1, Wherein the sensing 
elements of the ?oWmeter are the type chosen from the 
group consisting of thermal dispersion, sonic, vortex, mag 
netic, turbine, ori?ce, venturi, pitot tube, positive displace 
ment, and coriolis. 

17. The method recited in claim 1, Wherein the ?oWmeter 
has a plurality of sensing elements, the second sensing 
element comprising at least tWo sensing elements, each 
being stimulated by the second predetermined stimulation, 
the method further comprising: 

comparing the output of the ?rst sensing element With 
respect to the output of one second sensing element; 

comparing the output of the ?rst sensing element With 
respect to the output of the other second sensing 
element; and 

correlating the thus compared outputs to validate the 
accuracy of the ?oWmeter. 

18. The method recited in claim 17, Wherein the sensing 
elements are arranged in spaced pairs in the How ?eld and 
each single sensing element being tested is compared With 
tWo other sensing elements in the How ?eld, said tWo other 
sensing elements being not in a pair With the sensing element 
being tested. 

19. The method recited in claim 17, Wherein the sensing 
elements are arranged in spaced pairs in the How ?eld and 
the output of each single sensing element of a pair of sensing 
elements being tested is compared With the average of the 
outputs of tWo other single sensing elements, each in a 
different pair of sensing elements. 

20. A method for testing the accuracy of a ?oWmeter 
having at least tWo sensing elements arranged to detect ?uid 
?oW rate in a How ?eld, the method comprising: 

determining the calibration data of each sensing element; 

storing the calibration data in memory in the ?oWmeter; 

applying a ?rst predetermined stimulation to a ?rst sens 
ing element to make it an active sensing element; 

applying a second predetermined stimulation different 
from the ?rst stimulation to a second sensing element 
so that the second sensing element functions as a 
reference sensing element; 

measuring the output of the ?rst sensing element 

measuring the output of the second sensing element; 

comparing the outputs of the ?rst and second sensing 
elements to determine a ?rst ?uid ?oW rate past the 
sensing elements in the How ?eld; then 

applying a third predetermined stimulation to the ?rst 
sensing element different from the ?rst and second 
predetermined stimulations to make it an active sensing 
element at a different level of stimulation; 

applying the second predetermined stimulation to the 
second sensing element; 

measuring the output of the ?rst sensing element at the 
third predetermined stimulation; 

measuring the output of the second sensing element; then 
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comparing the outputs of the ?rst sensing element and the 
second sensing element to determine a second ?uid 
?oW rate past the sensing elements in the How ?eld; and 
then 

comparing the thus determined ?rst and second ?uid ?oW 
rates. 

21. The method recited in claim 20, and further compris 
ing determining the correlation betWeen the ?rst and second 
?uid ?oW rates in relation to the calibration data in memory 
and thereby validating the accuracy of the ?oWmeter. 

22. The method recited in claim 20, Wherein the ?oWme 
ter is a thermal dispersion ?oWmeter and the sensing ele 
ment outputs are based on heat dissipation. 

23. The method recited in claim 22, Wherein the sensing 
elements are chosen from the group consisting of resistance 
temperature detectors (RTDs), thermistors, thermopiles, 
semiconductor junctions, thermocouples, transistors, and 
diodes. 

24. The method recited in claim 22, Wherein the ?rst and 
second sensing elements are stimulated by means of a 
predetermined stimulation applied thereto selected from the 
group consisting of current, voltage, poWer and differential 
temperature. 

25. The method recited in claim 20, Wherein the ?rst and 
second sensing elements are stimulated by means of a 
predetermined sonic signal applied thereto. 

26. The method recited in claim 20, Wherein the ?rst and 
second sensing elements are stimulated by applying a pre 
determined ?uid ?oW thereto. 

27. The method recited in claim 26, Wherein the prede 
termined ?uid How is provided by jets or noZZles. 

28. The method recited in claim 20, Wherein one of the 
?rst and second sensing elements comprises at least tWo 
sensing elements so connected as to act as a single sensor. 

29. The method recited in claim 20, Wherein the ?rst and 
second sensing elements are vorteX sensing elements. 

30. The method recited in claim 25, Wherein time of ?ight 
is the principle employed for measuring ?oW rate. 

31. The method recited in claim 25, Wherein Doppler 
effect is the principle employed for measuring ?oW rate. 

32. The method recited in claim 25, Wherein relative 
signal phase is the principle employed for measuring ?oW 
rate. 

33. The method recited in claim 20, Wherein the ?rst and 
second sensing elements are substantially functionally iden 
tical. 

34. The method recited in claim 21, and further compris 
ing providing an output signal representative of the accuracy 
of the ?oWmeter. 

35. The method recited in claim 20, Wherein the sensing 
elements of the ?oWmeter are the type chosen from the 
group consisting of thermal dispersion, sonic, vorteX, mag 
netic, turbine, ori?ce, venturi, pitot tube, positive displace 
ment, and coriolis. 

36. A method for testing the accuracy of a ?oWmeter 
arranged for detecting ?uid ?oW rate in a How ?eld, the 
?oWmeter having at least one sensing element, the method 
comprising: 

preparing a ?rst set of calibration data for the sensing 
element at a ?rst applied stimulation level; 

preparing a second set of calibration data for the sensing 
element at a second applied stimulation level different 
from the ?rst applied stimulation level; 
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storing the ?rst and second sets of calibration data in 
memory; 

mounting the sensing element in the How ?eld; then 

measuring the output of the sensing element When at a 
reference third applied stimulation level; 

stimulating the sensing element by applying the ?rst level 
of stimulation thereto; 

measuring the output of the sensing element When at the 
?rst applied stimulation level; 

comparing the output of the sensing element stimulated 
by the ?rst level of stimulation to the output of the 
sensor at the third stimulation level to determine a ?rst 
?uid ?oW rate past the sensing element in the How ?eld; 
then 

again measuring the output of the sensing element When 
at a reference third applied stimulation level; 

stimulating the sensing element by applying the second 
level of stimulation thereto; 

measuring the output of the sensing element When stimu 
lated by the second level of stimulation; and then 

comparing the output of the sensing element stimulated 
by the second level of stimulation to the output of the 
sensor at the third stimulation to determine a second 
?uid ?oW rate past the sensing element in the How ?eld; 
and then 

comparing the thus determined ?rst and second ?uid ?oW 
rates. 

37. The method recited in claim 36, and further compris 
ing determining the correlation betWeen the ?rst and second 
?uid ?oW rates in relation to the calibration data in memory 
and thereby validating the accuracy of the ?oWmeter. 

38. The method recited in claim 36, Wherein the ?oWme 
ter is a thermal dispersion ?oWmeter and the sensing ele 
ment outputs are based on heat dissipation. 

39. The method recited in claim 38, Wherein the sensing 
elements are chosen from the group consisting of resistance 
temperature detectors (RTDs), thermistors, thermopiles, 
semiconductor junctions, thermocouples, transistors, and 
diodes. 

40. The method recited in claim 38, Wherein the sensing 
element is stimulated by means of predetermined ?rst and 
second levels of a stimulation applied thereto, the stimula 
tion being selected from the group consisting of current, 
voltage and poWer. 

41. The method recited in claim 36, Wherein the sensing 
element is stimulated by means of a predetermined ?rst and 
second sonic signal applied thereto. 

42. The method recited in claim 36, Wherein the sensing 
element is stimulated by a predetermined ?rst and second 
?uid ?oW thereto. 

43. The method recited in claim 42, Wherein the prede 
termined ?uid How is provided by jets or noZZles. 

44. The method recited in claim 36, Wherein the sensing 
element comprises at least tWo sensing elements so con 
nected as to act as a single sensor. 

45. The method recited in claim 36, Wherein the sensing 
element is a vorteX sensing element. 
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46. The method recited in claim 37, and further compris 
ing providing an output signal representative of the accuracy 
of the ?oWmeter. 

47. The method recited in claim 36, Wherein the sensing 
element of the ?oWmeter is of the type chosen from the 
group consisting of thermal dispersion, sonic, vorteX, mag 
netic, turbine, ori?ce, venturi, pitot tube, positive displace 
ment, and coriolis. 

48. An apparatus to validate the accuracy of a ?oWmeter, 
Which ?oWmeter is arranged to detect ?uid ?oW rate in a 
How ?eld, the apparatus comprising: 

at least tWo sensing elements mounted in the How ?eld; 

a source for selectively supplying stimulation to said 
sensing elements; 

a sWitch for selectively coupling said stimulation source 
to said sensing elements; 

a memory in Which calibration characteristics for each 
said sensing element is stored; 

means for measuring the output of each said sensing 
element; 

a ?rst comparator for comparing the transient and steady 
state outputs of each sensing element, both When tran 
siently and steady-state stimulated and When relatively 
unstimulated, to the respective calibration characteris 
tics in memory; 

means for determining ?uid ?oW rate past each sensing 
element in the ?oW ?eld When one sensor is stimulated; 
and 

a second comparator for comparing the thus determined 
?uid ?oW rates and the transient output of the stimu 
lated sensing element. 

49. The apparatus recited in claim 48, and farther com 
prising a correlator for verifying the accuracy of the ?oW 
meter based on the How rates indicated by each said sensing 
element. 

50. The apparatus recited in claim 48, Wherein said 
sensing elements are selected from the group consisting of 
resistance temperature detectors (RTDs), thermistors, ther 
mopiles, semiconductor junctions, thermocouples, transis 
tors, and diodes. 

51. The apparatus recited in claim 48, Wherein said 
sensing elements are thermally-based devices and said 
stimulation source is adapted to provide stimulation inter 
nally to said sensing elements. 

52. The apparatus recited in claim 48, Wherein said 
sensing elements are sonic and said stimulation source is 
adapted to provide stimulation internally to said sensing 
elements. 

53. The apparatus recited in claim 52, Wherein said 
sensing elements are responsive to time of ?ight of the sonic 
signal. 

54. The apparatus recited in claim 52, Wherein said 
sensing elements are responsive to Doppler effect as the 
?oWing ?uid affects the sonic signal. 

55. The apparatus recited in claim 52, Wherein said 
sensing elements are responsive to relative signal phase as 
the ?oWing ?uid affects the sonic signal. 

56. The apparatus recited in claim 48, and further com 
prising means for providing an output signal representing 
the accuracy of the ?oWmeter. 
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57. The apparatus recited in claim 50, and further com 
prising a ?uid jet in operative relationship to each said 
sensing element, said ?uid jet being calibrated to provide a 
predetermined ?uid ?oW as an external stimulation to said 
sensing element, the ?uid ?oW from said ?uid jet being 
controlled by said stimulation source and said sWitch. 

58. The apparatus recited in claim 48, Wherein said sWitch 
is a cross-connect circuit. 

59. The apparatus recited in claim 48, Wherein said 
sensing elements are substantially functionally identical. 

60. The apparatus recited in claim 48, Wherein said 
sensing elements are vortex sensing elements. 

61. The apparatus recited in claim 48, Wherein said 
sensing elements comprise a single sensing element made up 
of at least tWo sensing elements so connected as to act as a 
single sensor. 

62. The apparatus recited in claim 48, Wherein; 

said at least tWo sensing elements comprise a plurality of 
sensing elements; 

said comparator being con?gured to compare the outputs 
of a stimulated said sensing element being tested With 
at least tWo relatively unstimulated sensing elements. 

63. The apparatus recited in claim 62, Wherein said 
sensing elements are arranged in spaced pairs in the ?oW 
?eld and the output of said stimulated sensing element is 
compared With the outputs of tWo other sensing elements in 
the ?oW ?eld, said tWo other sensing elements being not in 
a pair With said stimulated sensing element. 

64. The apparatus recited in claim 62, Wherein said 
sensing elements are arranged in spaced pairs in the ?oW 
?eld and the output of each single said sensing element of a 
pair of said sensing elements is compared With the average 
of the outputs of tWo other said single sensing elements, 
each in a different pair of said sensing elements. 

65. The apparatus recited in claim 48, Wherein at least one 
of said sensing elements is externally stimulated by a 
predetermined ?rst and second ?uid ?oW thereto. 

66. An apparatus to validate the accuracy of a ?oWmeter, 
Which ?oWmeter is arranged to detect ?uid ?oW rate in a 
?oW ?eld, the apparatus comprising: 

at least one sensing element mounted in the ?oW ?eld; 

a stimulation supply con?gured for selectively supplying 
stimulation to said sensing element at predetermined 
different stimulation levels; 

a sWitch for selectively coupling said stimulation supply 
at discrete stimulation levels to said sensing element; 

a memory in Which is stored calibration characteristics of 
said sensing element for each stimulation level; 

means for measuring the output of said sensing element at 
any time, either transiently or during steady state; 

a ?rst comparator for comparing the output of said 
sensing element, When it has been or is being stimu 
lated by the different levels of applied stimulation, to 
the respective calibration characteristics in memory; 

means for determining ?uid ?oW rate past said sensor for 
each level of applied stimulation; and 

a second comparator for comparing the thus determined 
?uid ?oW rate. 

Dec. 25, 2003 

67. The apparatus recited in claim 66, and further com 
prising a correlator to verify the accuracy of said ?oWmeter 
based of the ?uid ?oW rates determined by applying different 
stimulation levels to said sensing element. 

68. The apparatus recited in claim 66, Wherein said 
sensing element is selected from the group consisting of 
resistance temperature detectors (RTDs), thermistors, ther 
mopiles, semiconductor junctions, thermocouples, transis 
tors, and diodes. 

69. The apparatus recited in claim 66, Wherein said 
sensing element is a thermally-based device and said stimu 
lation source is adapted to provide stimulation internally to 
said sensing element. 

70. The apparatus recited in claim 67, and further com 
prising a ?uid jet in operative relationship to said sensing 
element, said ?uid jet being calibrated to provide a prede 
termined ?uid ?oW as an external stimulation to said sensing 
element, the ?uid ?oW from said ?uid jet being controlled by 
said stimulation source and said sWitch. 

71. The apparatus recited in claim 66, Wherein said 
sensing element comprises a sonic emitter and a sonic 
receptor. 

72. The apparatus recited in claim 66, and further com 
prising means for providing an output signal representing 
the accuracy of the ?oWmeter. 

73. The apparatus recited in claim 66, Wherein said 
sensing element is externally stimulated by a predetermined 
?rst and second ?uid ?oW thereto. 

74. The apparatus recited in claim 66, Wherein said at least 
one sensing element comprises at least tWo sensing elements 
so connected as to act as a single sensor. 

75. The apparatus recited in claim 66, Wherein said 
sensing element comprises a vortex sensing element. 

76. An apparatus to validate the accuracy of a ?oWmeter, 
Which ?oWmeter is arranged to detect ?uid ?oW rate in a 
?oW ?eld, the apparatus comprising: 

at least tWo sensing elements mounted in the ?oW ?eld; 

a source for selectively supplying predetermined different 
levels of stimulation to said sensing elements; 

a memory in Which calibration characteristics for each 
said sensing element is stored; 

means for measuring the output of each said sensing 
element at predetermined different levels of stimula 
tion; 

a ?rst comparator for comparing the outputs of each 
sensing element, both When transiently and steady-state 
stimulated and When relatively unstimulated, to the 
respective calibration characteristics in memory; 

means for determining ?uid ?oW rate past each sensing 
element in the ?oW ?eld When one sensor is stimulated; 
and 

a second comparator for comparing the thus determined 

77. The apparatus recited in claim 76, and further com 
prising a correlator for verifying the accuracy of the ?oW 
meter based on the ?oW rates indicated by each said sensing 
element. 

78. The apparatus recited in claim 76, Wherein said 
sensing elements are selected from the group consisting of 



US 2003/0233860 A1 

resistance temperature detectors (RTDs), thermistors, ther 
mopiles, semiconductor junctions, thermocouples, transis 
tors, and diodes. 

79. The apparatus recited in claim 76, Wherein said 
sensing elements are thermally-based devices and said 
stimulation source is adapted to provide stimulation inter 
nally to said sensing elements. 

80. The apparatus recited in claim 76, Wherein said 
sensing elements are sonic and said stimulation source is 
adapted to provide stimulation internally to said sensing 
elements. 

81. The apparatus recited in claim 80, Wherein said 
sensing elements are responsive to time of ?ight of the sonic 
signal. 

82. The apparatus recited in claim 80, Wherein said 
sensing elements are responsive to Doppler effect as the 
?oWing ?uid affects the sonic signal. 

83. The apparatus recited in claim 80, Wherein said 
sensing elements are responsive to relative signal phase as 
the ?oWing ?uid affects the sonic signal. 

84. The apparatus recited in claim 76, and further com 
prising means for providing an output signal representing 
the accuracy of the ?oWmeter. 

85. The apparatus recited in claim 78, and further com 
prising a ?uid jet in operative relationship to each said 
sensing element, said ?uid jet being calibrated to provide a 
predetermined ?uid ?oW as an eXternal stimulation to said 
sensing element, the ?uid ?oW from said ?uid jet being 
controlled by said stimulation source and said sWitch. 

86. The apparatus recited in claim 76, and further com 
prising a sWitch for selectively coupling said stimulation 
source to said sensing elements, Wherein said sWitch is a 
cross-connect circuit. 
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87. The apparatus recited in claim 76, Wherein said 
sensing elements are substantially functionally identical. 

88. The apparatus recited in claim 76, Wherein said 
sensing elements are vorteX sensing elements. 

89. The apparatus recited in claim 76, Wherein said 
sensing elements comprise a single sensing element made up 
of at least tWo sensing elements so connected as to act as a 
single sensor. 

90. The apparatus recited in claim 76, Wherein; 

said at least tWo sensing elements comprise a plurality of 
sensing elements; 

said comparator being con?gured to compare the outputs 
of a stimulated said sensing element being tested With 
at least tWo relatively unstimulated sensing elements. 

91. The apparatus recited in claim 90, Wherein said 
sensing elements are arranged in spaced pairs in the ?oW 
?eld and the output of said stimulated sensing element is 
compared With the outputs of tWo other sensing elements in 
the ?oW ?eld, said tWo other sensing elements being not in 
a pair With said stimulated sensing element. 

92. The apparatus recited in claim 90, Wherein said 
sensing elements are arranged in spaced pairs in the ?oW 
?eld and the output of each single said sensing element of a 
pair of said sensing elements is compared With the average 
of the outputs of tWo other said single sensing elements, 
each in a different pair of said sensing elements. 

93. The apparatus recited in claim 76, Wherein at least one 
of said sensing elements is externally stimulated by a 
predetermined ?rst and second ?uid ?oW thereto. 


